The over-all metabolic balance of sodium, chloride and water has been studied in 8 subjects recovering from congestive heart failure. During the release of edema the observed loss of water in excess of sodium and chloride, as they are normally present in extracellular fluid, has suggested that the concept of initial retention of sodium in the development of heart failure may be untenable.
SINCE 1944 when Warren and Stead' first attributed the fluid retention of chronic congestive heart failure to a specific renal dysfunction, an ever increasing interest has centered upon the kidney in an attempt to elucidate its part in the production of edema. Seven years later, although there has been no general agreement on the mechanism, it is believed by many workers that in heart failure there is an initial retention of sodium as a result of decreased glomerular filtration or increased tubular reabsorption of this ion or both, with a subsequent retention of water that results in increased extracellular fluid volume and pitting edema. [1] [2] [3] [4] [5] [6] [7] [8] [9] According to current concepts the fluid retaining effect of sodium depends upon its position as the principal component of osmotically active base in the extracellular fluid compartment. Alterations in sodium content are reflected by retention or release of water if osmotic constancy (constant concentration of the sodium ion) is maintained. Retention of potassium, calcium, or magnesium does not lead to fluid retention since the physiologic concentration and range of these ions is so small that each contributes a negligible fraction to osmotic activity of this body fluid compartment. Having accepted sodium as the keystone in the development of edema it follows that the extracellular fluid concentration of this ion should be elevated, or at least in the high normal range, during a period of fluid retention.'0 Present understanding of the relationship between extracellular and intracellular fluid would lead us to believe that there exists an osmotic equilibrium between these two compartments, and that this equilibrium is maintained principally by the free movement of water and a limited movement of univalent base across the cell membrane. (Whether alteration in intracellular binding of base by protein also contributes to the maintenance of this equilibrium is not known.) In the presence of sodium retention water might be expected to move from the intracellular to the extracellular space in response to the elevation of osmotic pressure in the latter compartment. In this situation the increase in extracellular fluid volume would be greater than the degree of weight gain (that is, fluid retention) would suggest.
The measurement of alterations in the volume and electrolyte composition of the major body fluid compartments during the development of congestive failure would be the most satisfactory approach to an investigation of this concept of edema formation. The hazard involved in this method seems too great to justify its use at this time. It does not, however, seem unreasonable to assume that the over-all metabolic changes which occur during recovery from heart failure are the opposite of changes which occur during the development of this syndrome. On the basis of this assumption observations might be made during recovery which would be useful in indicating the pathogenesis of this disorder.
It was upon this premise that the investigation reported here was undertaken. An analysis of the data has suggested to us that water, rather than sodium, is initially retained in cardiac decompensation with edema formation.
MATERIALS AND METHODS
Subjects. The sera of 26 unselected patients with the usual manifestations of chronic congestive heart failure were obtained for electrolyte analyses. Of these patients 7 were selected for detailed metabolic balance study. This selection was made only on the basis of the ability and willingness of the patient to cooperate in such a study. These 7 included 2 (R. H. and J. W.) with arteriosclerotic cardiovascular disease, 2 (N. T. and L. M.) with cor pulmonale, 2 (M. 0. and A. K.) with hypertensive cardiovascular disease, and one (E. S., who was studied during two episodes of heart failure) with rheumatic heart disease. Most of these patients had received digitalis and mercurial diuretics in the past. Despite such therapy the congestive failure had progressed in every instance and each was essentially at the peak of his break in compensation at the time of admission.
Methods. Metabolic balance studies of sodium and chloride were carried out on the Metabolism Ward of the Buffalo General Hospital. Because of the changing clinical condition of the subjects it was impossible to maintain a constant dietary intake of these substances. For this reason analysis of diets of individual patients seemed impractical and the dietary intake has been calculated from the tables of Reifenstein and associates." Sample diets were prepared specifically for analysis, however, with the following results: in fourteen diet analyses the sodium content averaged 87.8 per cent of the calculated amount, while in three analyses the chloride content averaged 91.3 per cent of the calculated value. These discrepancies have been taken into consideration in the discussion of results and the conclusions that have been drawn.
Fluid was allowed freely during the period of observation.
Treatment, in every instance, consisted of bed rest and digitalis. In those patients who did not respond to this therapy in a satisfactory manner a mercurial diuretic was used as recorded. Saline cathartics (Phospho-Soda Fleet and effervescent sodium phosphate) were used in 6 subjects as recorded.
The mineral content of these salts was determined by analysis and is included in the balance data.
Metabolic periods were three days in length. A thiocyanate space study was carried out on the first metabolic day in each instance. Fasting weight was determined each morning. A fasting blood specimen was collected on the first morning of each metabolic period and the serum stored at 10 C. until all chemical procedures had been carried out. A suitable aliquot of each 24 hour urine specimen was analyzed for sodium and chloride. Three day collections of feces were pooled and homogenized. An aliquot of this homogenate was dried, ashed --nd an acid solution of this ash used for the determination of sodium and chloride.
Sodium determinations were carried out on a Model 52 A Perkin-Elmer flame photometer using an internal lithium standard. Chloride was determined by the electrimetric titration method of Dean and Hawley. '2 Thiocvanate method was that of Elkinton and Taffel.'3 Calculations. Alteration in body weight has been used as a measure of change in total body water content. Alteration in the volume .of extracellular fluid was measured at the end of each metabolic period by a determination of the chloride space from the chloride balance and the serum chloride concentration. The initial extracellular fluid volume, from which subsequent calculations were derived, was measured by the dilution of sodium thiocyanate. It is recognized that the thiocyanate space is not an accurate measure of the extracellular fluid volume, but since it was the change in that volume rather than its absolute size which was of interest this inaccuracy may be disregarded. Such Sodium Balance. In each of the 8 subjects studied in detail (table 2) the clinical recovery from congestive heart failure was accompanied by a loss of the pitting edema which was measured by the change in body weight. In figure 1 this loss of weight has been plotted against the over-all sodium balance. If 1 Kg. of weight loss represents 1 liter of extracellular fluid water, then each Kg. of weight loss should be accompanied by a loss of 150 mEq. of sodium, the amount of sodium in this quantity of normal extracellular water. This normal relationship is indicated by the diagonal line. In no instance did this normal relationship exist. Each of the 8 subjects lost significantly more water than could be accounted for by the sodium balance. In terms of this ion the edema fluid lost was a solution whose osmotic pressure was lower than normal.
Fluid Compartment Volume Changes. An analysis of the chloride balance data (table 2) indicates that with the exception of 'N. T., the total edema fluid lost by each subject contained less chloride than would have been present had that fluid been extracellular fluid of normal composition. Over-all chloride balance alone, however, is inadequate to determine alteration in the extracellular fluid volume. A calculation of the chloride space (table 3) instances (E. S. and L. M.) it was slightly in excess of the extracellular fluid loss. (The data on M. 0. are incomplete: during the period of greatest weight loss the chloride balance was not determined.) A reduction in total body water that is greater than the loss of extracellular wvater suggests that the difference between these two quantities is provided by a loss of intracellular water. Such a movement of water out of cells during recovery from heart failure would seem to indicate the passage of water into cells at some time during the development of this syndrome.
In one subject (N. T.) the loss of extracellular fluid was greater than the loss of body water. The one other subject, with cor pulmonale fell in that group in which the body water loss was only slightly greater than the extracellular fluid loss. In these 2 patients alone was there an initial elevation of the serum sodium concentration above the normal mean value. In patient N. T. a respiratory acidosis was demonstrated; in L. i\I. it was presumed to be present.
It is conceivable that the metabolic pattern of congestive heart failure associated with cor pulmonale may be influenced by an earlier alteration in the acid-base balance produced by the primary pulmonary disease, and that the data on such patients are not comparable to that on other types of cardiac edema.
DIscUSSION
The significance of the finding of reduced concentration of sodium in the serum of patients in congestive heart failure might be questioned since the range of this value in normal individuals may be fairly wide. Two of the three other groups whose data revealed a similar reduction of serum sodium did not comment upon this finding. This may indicate that the reported levels were normal in their respective laboratories. It seems more likely that this reduction was considered insignificant. Yet it is arresting that in four laboratories the extracellular concentration of sodium in this condition should be at the lower reach of the normal range, rather than at its upper extremity, where it might be expected in the patient with edema resulting from initial sodium retention.
In none of the subjects reported here was the loss of 1 Kg. of body water accompanied by the loss of 150 mEq. of sodium. From NewNman's4 metabolic balance charts of 2 patients recovering from heart failure, it is evident that a similar loss of water in excess of sodium was present. The direct observation of a lowered osmotic pressure in the extracellular fluid is thus supported by this derivation from the data on water and sodium excretion.
The movement of water out of cells during the recovery from heart failure has also been suggested by Schroeder.20 In 17 of 39 patients he pointed out that the excretion of chloride was less than would have been present had the weight loss reflected an excretion of extracellular accumulation of edema fluid. Although the data of Seymour and co-workers2' are not entirely comparable to those reported here since their measure of extracellular fluid volume was the thiocyanate space, it is interesting to note their finding of a reduction of extracellular fluid volume that was smaller than the reduction of body weight in 3 of 6 patients recovering from heart failure. This again suggests the accumulation of intracellular as well as extracellular fluid during the development of cardiac edema.
The universally recognized fluid retaining effect of excessive amounts of sodium, as well as the spectacular success of sodium restriction in the treatment of edema, has focused investigative attention upon this ion, often at the expense of other factors which might be operative in the production of edema. However, certain observations have been made in edematous states which suggest some fundamental alteration in water metabolism that is unrelated to the disordered electrolyte state. Among these findings are the delayed water diuresis in cardiac, hepatic and nephrotic edema. There is suggestive evidence that the alteration in renal functions in congestive heart failure includes not only disordered sodium filtration and reabsorption, but also an independent fault in the handling of water.5 Recently an antidiuretic material has been demonstrated in the urine of patients with cardiac edema22 as it has previously been shown in those with fluid retention and cirrhosis,23 24 nephrotic syndrome,25 and acute glomerular nephritis. 25 The metabolic adjustments that follow the retention of water would be essentially the converse of those following the retention of sodium. 26 An initial reduction of the extracellular osmotic pressure, represented by a lowering of the serum sodium concentration, might constitute a stimulant to adrenal cortical activity27 with a resultant retention of sodium. Extracellular hypotonicity would be reflected by a similar change in the intracellular fluid which might be most promptly accomplished by the movement of water into cells. Under these circumstances the increase in total body water (measured by weight gain) would be greater than the increase in volume of the extracellular fluid compartment. During recov-ery from edema which had developed in this manner the opposite events would be expected to occur: sodium loss would be less than the amount present in a volume of extracellular fluid represented by the weight loss; the reduction in extracellular fluid volume would be smaller than the reduction in body weight. The observations made in the 8 patients reported here are compatible with this pattern and suggest that the edema of congestive heart failure may be the result of an initial retention of water rather than an initial retention of sodium.
This conclusion should in no way be interpreted as a denial of the importance of sodium restriction in the treatment of edematous states, nor of the role of this ion in contributing to the development of edema. Neither should it imply any value to the restriction of water in congestive heart failure. The measurements that have been made in this investigation are of over-all metabolic changes, not discrete measurements of the moment to moment pathogenic changes. There are certain reasonable speculations that might be made to resolve this seeming paradox, but it would be more proper to withhold such speculation until it can be supported by accumulated evidence.
In a study in which conclusions of a physiologic rather than a pharmacologic nature are drawn, therapeutic administration of drugs in these experimental subjects might be the object of legitimate criticism. However, from the presentation of the observations and derived data it would seem clear that there was no essential difference in the over-all metabolic changes of those patients who received mercurial diuretics and those who did not. It should be kept in mind that the composition of the edema fluid which provides the substance of the diuresis is not altered by the diuretic agent. The administration of a saline cathartic did not change in any significant way the course of congestive failure in these patients.
Although the data presented here have suggested that the edema of heart failure is initiated by water retention rather than sodium retention, the mechanism of such a metabolic abnormality is obscure. The presence of an antidiuretic material in the urine of patients with several types of edema may suggest the participation of the posterior pituitary either directly or indirectly in these edematous states, but the identity of this material, or materials, has not been established. It is entirely possible that other sources of such hormonal substances have yet to be discovered, or that other mechanisms may be involved. SUMMARY AND CONCLUSIONS 1. Metabolic balance studies of sodium and chloride were carried out in 8 subjects recovering from congestive heart failure. The over-all metabolic changes during recovery were assumed to be the opposite of changes during development of cardiac edema.
2. Recovery from heart failure was accompanied by loss of body weight (fluid); by a loss of sodium that was less than the weight loss demanded if that weight loss were due to a release of extracellular fluid; and by a reduction of extracellular fluid volume smaller than the reduction in body weight. 3. These findings do not fit the pattern anticipated in the loss of edema resulting from initial sodium retention; they do fit the pattern anticipated in the loss of edema resulting from initial water retention.
4. The observations suggest that the edema of congestive heart failure results from an initial retention of water rather than sodium. 5. No therapeutic implications are drawn.
